Abstract-In this study, SAR oil spill observation is investigated for different polarizations, incidence angles and wind conditions. The dataset is composed by a time-series of 42 TerraSAR-X dualpol SAR images acquired between July 2011 and April 2016. The incidence angle, wind speed and polarization dependency for oil spill observation is shown for the first time using a large time-series of the same oil type. Experimental results show that the oil seepage observation is impaired with increasing the incidence angle and strongly depends on wind conditions. However, those effects are more pronounced using the singlepolarization channels, while they are mitigated by using dualpolarimetric channels.
I. INTRODUCTION
Sea oil spills can result from accidents or deliberates oil discharges. Oil pollution strongly affects the marine organisms, populations, ecosystems [1] ), and also the human health. The synthetic aperture radar (SAR) is the most useful sensor for the oil observation [2] .
The RADAR backscattering on the sea surface mainly comes from the wind-generated short gravity waves. Since the oil dampens those small-scale waves [3] , [4] , the oil slick produces a low backscattering area and appears as dark patches in the SAR imagery [5] . However, there are natural phenomena (known as oil look-alikes) that reduce the SAR backscattering producing also dark patches in single-polarization intensity SAR images. SAR polarimetry provides valuable additional information to the oil slick monitoring process, improving the oil slicks detection and the discrimination between oil slicks and oil look-alikes. Additionally, SAR polarimetry provides also a rough estimation of oil damping properties [6] - [8] .
The influence of polarization, wind speed, and incidence angle for sea oil slick detection has been studied by [6] , [9] - [17] . Nevertheless, such experiments are frequently undertaken using a not large dataset that is usually collected by different SAR sensors and/or in different locations.
In this study, the oil slick observation capabilities are assess under varying wind conditions, incidence angles and sensor's polarization. A time-series of 42 TerraSAR-X (TSX) StripMap mode dual-polarization data, collected in the northern part of Gulf of Mexico (region known by the presence of oil seepage [18] ), is exploited. The effect of the above-mentioned sensor and environmental characteristics on oil observation is investigated using single-polarization SAR features and a dualpolarization coherent approach. The analysis is undertaken by grouping the dataset according to incidence angle (low, moderate and high), sea state conditions (low and moderate wind speed) and polarization (HH, VV and HH-VV).
II. THEORETICAL RATIONALE
In this section, the rationale that lies at the basis of the single and dual-polarization features is provided.
the single-polarization analysis is based on the slick-free to slick-covered normalized radar cross section (NRCS) ratio, i.e., the contrast:
The latter is evaluated for both the co-polarized channels, i.e., i = {H, V }. The dual-polarization feature is related to the co-polarized phase difference (CPD). The latter is the phase difference between HH and VV complex scattering amplitudes
The standard deviation of ϕ c probability density function (pdf), termed as σ ϕc , is an indicator of the degree of randomness of the scattering scene [19] The slicked-free area is described by a small-scale surface scattering that is well modeled by the Brag scattering mechanism (characterized by low polarimetric entropy [20] and ϕ c around 0° [21] ). Since the oil slick dampens the small-scale structures and produces low backscattered signal and high polarimetric entropy [6] , [20] , a low correlation between the HH and VV channels and therefore a large σ ϕc is expected [7] , [10] .
III. EXPERIMENTAL RESULTS
In this section, the dataset is described and some meaningful experiments to investigate the response of single and dualpolarization features with respect to oil slicks for varying 978-1-5090-5278-3/17/$31.00 ©2017 IEEE The measured ∆ HH (first column), ∆ V V (second column) and σ ϕc (third column) pdfs relevant to both slick-free and oil-covered area (respectively, black and blue lines) for two images acquired under low (first row) and moderate wind (second row) at incidence angle of 26°.
mean incidence angle of 26°, 34°and 43°. Single-polarization features are investigated through ∆ HH and ∆ V V (1). First, SAR image is multilooked using an 11x11 average moving window. Then, two region of interest (ROIs) that belong to slick-free sea surface are selected in order to evaluate the ∆ HH and ∆ V V . We evaluated the contrast (1) randomly sampling 1000 σ Figure 1(a) (b) , respectively (the mean contrast and the STD are plotted versus the incidence angle). It can be noted that ∆ decreases for increasing incidence angle. For θ = 26°, ∆ HH and ∆ V V are not significantly different. However, for increasing incidence angle, the VV channel provides higher contrast than the HH one. σ 0 f and σ 0 c evaluated for both the HH and VV scenes and σ ϕc are plotted versus the incidence angle in Figure 2 ; first, second and third rows, respectively. Note that the separability between the slick-free and oil-covered classes reduces for increasing the incidence angle; nevertheless, the performance of the dual-polarization feature is clearly better than the singlepolarization one.
To analyze of the joint effect of polarization and wind speed, the empirical pdfs over a slicked-free and oil-covered ROI are evaluated, using a dataset that includes two SAR scenes acquired under low and moderate wind conditions, see Figure 3 . First and second rows refer to low and moderate wind speed, while the three columns stand for ∆ HH , ∆ V V and σ ϕc , respectively. The plots show that oil and sea pdfs are significantly overlapped. However, the pdfs are better separated when σ ϕc is used.
IV. CONCLUSION
In this study, we assessed for the first time the single and dual-polarization features capabilities for oil slick observation varying wind speed, incidence angles and sensor's polarization, using a time-series of TerraSAR-X StripMap mode dualpolarization SAR data collected in northern Gulf of Mexico. The experiments show that the wind speed, polarization and incidence angle impact the oil observation. The global trend shows that the dual-polarization feature works better than the single-polarization one.
